An assessment was made to determine the suitability of RAPD analysis for identification of the Australian wildflower Ozothamnus diosmifolius (Vent.) DC [syn.
netic linkage maps) have been applied to related species of the Asteraceae family for determination and comparison of genetic diversity (Brunel, 1994; Fritsch et al., 1993; Lawson et al., 1994; Rieseberg et al., 1993; . These previous studies using RAPD-PCR analysis indicated that this technology is a potentially useful tool for genotype identification within this family.
In our study, RAPD analysis was undertaken on six of the currently most important O. diosmifolius cultivars and lines, of which two are commercialized and protected by PVR. The usefulness of this identification method for this species was explored and established.
Materials and Methods
Plant material. All plant material originated in Australia. Two commercial cultivars ('Cook's Tall Pink' and 'Cook's Snow White') and two lines under development ('Cook's Salmon' and 'Cook's Pom Pom') were provided for testing by Graham and Esther Cook of Helidon, Queensland, who pioneered commercial riceflower growing (personal communication) . Two lines (40b3 and 54.4), developed by the Queensland Department of Primary Industries' (QDPI) Redlands Research Station in Cleveland, Australia, were also included. Selected vegetative and floral characteristics of these lines are listed in Table 1 . These lines, all identified as O. diosmifolius, were originally collected from diverse wild populations in eastern parts of Queensland and New South Wales.
DNA extraction. DNA for PCR was extracted from the youngest leaves according to Graham et al. (1994) . Concentrations of the genomic DNA were determined spectrophotometrically and the quality of the extracted DNA was assessed on 0.7% (w/v) agarose gels.
PCR. PCR conditions were optimized by titrating the concentrations of MgCl 2 , Taq DNA polymerase, and template to give the optimum resolution of amplification products.
Riceflower is a native Australian wildflower ( Fig. 1 ). It has been grown commercially in Australia since 1987 and marketed as a cut flower (a filler); most of it is destined for the overseas export market. This species has been introduced to intensive commercial horticulture by selection of wild seedlings for vegetative propagation. The best clonal lines were identified after comparative evaluations over 3 or more years in field or laboratory trials, then further propagated for commercial cut flower production. Selection within the species has been successful in isolating forms that differ in flower color (white and a range of pinks) and flowering season (Beal, 1994; Lacey, S., personal communication) . Vegetative characteristics of this woody shrub species are difficult to distinguish with confidence. It is only at the flowering stage that the diverse flower shades become evident. Other properties, such as early flowering, cannot be detected morphologically. The short flowering period, 2 to 5 days of commercial acceptability for most cultivars, requires the use of many cultivars to achieve continuity of supply. With plant variety rights (PVR) being sought by growers, an early method of characterization and identification of various genotypes is essential.
Polymerase chain reaction [PCR (Saiki et al., 1988) ] analysis using arbitrary oligonucleotide primers in random amplified polymorphic DNA [RAPD (Williams et al., 1990) ] and other systems (e.g., microsatellites and ge- Standard PCR conditions were then established using a 0.025-ml reaction volume containing 30 ng of DNA; 1 unit of Taq DNA polymerase (Boehringer Mannheim Biochemica, Mannheim, Germany); 0.24 mM each of dATP (2´-deoxyadenosine 5´-triphosphate), dCTP (2´-deoxycytidine 5´-triphosphate), dGTP (2´-deoxyguanosine 5´-triphosphate), and dTTP (2´-deoxythymidine 5´-triphosphate) (Promega Corp., Madison, Wis.); 0.2 mM of 10-mer oligonucleotide primer (Operon Technologies, Alameda, Calif.); and PCR buffer to give final concentrations of 10 mM Tris-HCl, 3 mM MgCl 2 , 50 mM KCl, gelatin at 0.1 mg•ml -1 , pH 8.3. The commercially available decamer oligonucleotides used in this study are listed in Table 2 . PCR reactions were repeated three to six times to confirm reproducibility of results. A Perkin Elmer (Norwalk, Conn.) 9600
geneAmp PCR system was programmed for an initial denaturation cycle at 94 °C, followed by 30 s at 36 °C, 1 min at 72 °C, and 20 s at 94°C for 10 cycles and finally 30 s at 37 °C, 1 min at 72 °C, and 15 s at 94 °C for 30 cycles. PCR products were analyzed by electrophoresis in 1.5% (w/v) agarose gels. A marker was considered polymorphic when it was present in one or more cultivar(s) or line(s), but absent in at least one other tested cultivar or line, which bp, and with 'Cook' This line has unique distinct bands at 770 and 1780 bp. QDPI 54.4 has one to five monomorphic markers with the other five genotypes, but it also amplified two unique bands of 590 (only present very faintly in 'Cook's Snow White') and 1250 bp. QDPI 40b3 has no unique markers, but it can be distinguished from the other five genotypes by their general amplification profiles.
Similar comparisons of the banding profiles of the genotypes can be made with primer OPM-07. Although monomorphic markers with some of the other cultivars or lines were amplified, the total banding profile for each genotype can be regarded as unique. In particular, 'Cook's Salmon' has a unique polymorphic band at 695 bp; 'Cook's Tall Pink' at 990, 1170 , 1720 , and 2520 'Cook's Snow White' at 940, 1320, and 1375 bp; 'Cook's Pom Pom' at 870 and 1125 bp; QDPI 54.4 at 947, 1200 QDPI 54.4 at 947, , 1270 QDPI 54.4 at 947, , and 1350 and QDPI 40b3 at 1080 and QDPI 40b3 at , 1155 and QDPI 40b3 at , and 1520 A high level of genetic variability between cultivars and lines was expected due to the Percent  OPD-03  5´-GTC GCC GTC A-3´14  70  OPD-05  5´-TGA GCG GAC A-3´5  63  OPD-08  5´-GTG TGC CCC A-3´9  82  OPD-11  5´-AGC GCC ATT G-3´5  71  OPD-13  5´-GGG GTG ACG A-3´4  44  OPD-15  5´-CAT CCG TGC T-3´9  56  OPD-18  5´-GAG AGC CAA C- bands was produced, of which 70% were polymorphic. Table 2 lists the number of polymorphic markers that each used primer yielded, to illustrate the high level of polymorphism that could be detected using arbitrary primers in a PCR of this species. Three primer-template combinations (OPD-18, OPM-03, and OPW-10) did not amplify distinct fragments, making distinction of the samples using these primers impossible.
With careful selection only a few primers were required to distinguish all six cultivars and lines. Several primers were able to discriminate all six samples from one another by yielding unique banding patterns for each genotype, as illustrated for OPD-03 and OPM-07 (Fig. 2) . Although some bands were monomorphic, each cultivar or line produced unique amplification products to distinguish it from the other tested genotypes.
Using primer OPD-03, 'Cook's Salmon' has a monomorphic band with all other tested genotypes, except 'Cook's Tall Pink', at 930 distinguished the latter from the other genotypes.
Results and Discussion
Under the described PCR conditions, the combination of 3 mM MgCl 2 , 1 unit of Taq DNA polymerase, and 30 ng of template were the optimum concentrations for reliable and reproducible amplification, and produced the optimum number of markers.
Of the 19 primers tested, 16 (84%) showed polymorphisms between at least two of the six cultivars and lines, independent of the GC content of the primers. Similar results were reported by Levi et al. (1993) , , and for other Asteraceae species. Each primertemplate combination yielded 6 to 20 distinct major bands of variable intensities, which could be scored, and many indistinct bands that were produced due to nonspecific amplification and thus ignored. A total of 166 distinct major seedling origin of the original single plant selections and subsequent use of clonal propagation to maintain the identity of each line. Consistent with the knowledge that the material was clonally propagated, PCR amplification profiles did not show intracultivar differences, since all the genetic information of individuals within a clone is theoretically identical, as illustrated with 10 individual plants of QDPI line 54.4 using primer OPD-03 ( Fig. 3) .
Riceflower is becoming a rapidly expanding and highly profitable commodity in the Australian ornamental industry. The results of this study indicate that RAPD-PCR analysis is a highly useful, simple, and reliable technique for identifying genetic variability in the early stages of growth in this species, provided established reaction conditions are kept under strict control to ensure reproducibility of the results.
The results of this preliminary study with a selected and limited number of cultivars and lines indicate strongly that RAPD may be developed and applied to a larger number of samples and genotypes. Thus, the protocol reported here can be used for routine analysis of identity in O. diosmifolius and possibly related species, such as O. diotophyllus (F. Muell.) Anderb. and O. obcordatus DC.
